Purpose: Inguinal hernia is a known sequel of radical prostatectomy which contributes to patient morbidity and health care expenditure. In this systematic review we evaluated the incidence of inguinal hernia associated with minimally invasive radical prostatectomy, in addition to predictive factors and preventive measures. Materials and Methods: We searched PubMedÒ and EmbaseÒ between 2000 and February 2018 using the search terms inguinal hernia and radical prostatectomy.
INGUINAL hernia is frequently observed in the aging population, accounting for approximately 75% of all hernias. 1 IH is has a 12:1 male predominance with the greatest prevalence during the fourth and fifth decades of life. 2 Inguinal hernia repair is one of the common ambulatory surgical procedures performed at surgical units globally. 1 The incidence of IH following open radical prostatectomy has been well documented, reportedly ranging from 12% to 38.7%. 3e5 However, the incidence of IH following MIRP is not as well defined. The corresponding author certifies that, when applicable, a statement(s) has been included in the manuscript documenting institutional review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with guarantees of confidentiality; IRB approved protocol number; animal approved project number.
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The lack of qualitative and quantitative data may be due to a number of factors. The subspecialist nature of surgical care means that surgical complications such as hernias are abrogated to the relevant surgical subspecialist for management. There may be a lack of urological followup of inguinal hernias, particularly when they develop beyond the time frame of routine postoperative followup. This is particularly pertinent when considering that inguinal hernias may develop within a 2-year period following RP. 6 Furthermore, the diagnosis of inguinal hernia may be clouded by variable symptomatology and competing differential diagnoses, particularly in the acute care setting. Subsequently inguinal hernias may have a delayed or missed diagnosis.
The aim of this systematic review was to elucidate the incidence, predictive factors and preventive measures for IH following MIRP. A greater understanding of these factors may lead to the development of recommendations which could assist urologists in identifying and treating patients at risk for IH after MIRP.
PATIENTS AND METHODS
We performed a systematic review in accordance with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement. A search of the PubMedÒ and EmbaseÒ databases between 2000 and February 2018 was done. Records were identified from a search of the key words inguinal hernia and radical prostatectomy. A total of 155 articles were found after eliminating duplicates. Review articles, editorials, letters to editors, case reports and publications on technical details of LRP, RARP and hernia repair were excluded from analysis. Studies on incidence, predictive factors, different preventive measures and case series were included. Included articles were restricted to articles in English only.
Studies were manually screened by 2 investigators. A total of 36 studies were assessed for eligibility based on predetermined inclusion and exclusion criteria. Nine studies were subsequently excluded due to irrelevant data and search criteria after the full text review. A total of 27 studies were included in the qualitative analysis, of which we reviewed 14 for incidence data, 11 for predictive factors and 19 for preventive strategies pertaining to IH following MIRP (see figure) . A total of 17 studies had data overlapping among these 3 categories.
PRISMA flow diagram of postoperative inguinal hernia in minimally invasive radical prostatectomy Data were manually extracted from the full text articles to an electronic database. When comparisons were made with open radical prostatectomy and other patient groups, data on MIRP were extracted for analysis.
RESULTS

Incidence
A total of 14 studies were included in the analysis of the IH incidence following MIRP. When possible, MIRP was subcategorized as LRP or RARP. The majority of men in the IH incidence studies were in the 5th to 7th decade of life. The incidence of IH after LRP and RARP ranged from 3.9% to 8.9% and 3% to 19.4%, respectively. The cumulative incidence of IH in LRP cases was 6.15% during a mean followup of 28.6 months and 9.3% during a mean followup of 24 months for RARP. Of these hernias 90% were indirect inguinal hernias and they were more commonly on the right side. 7, 8 Most included studies were retrospective and relied on institutional databases and medical records for data accrual. Only a single study was prospective. Average followup for IH after RARP was 23.9 months (median 8 to 39.6) and for LRP it was 28.6 months (range 19.5 to 39.6) (table 1). The incidence of IH following MIRP is influenced by the followup duration with a higher incidence associated with longer followup. 9 An increased incidence with a longer followup is expected, given that the incidence of IH in the general population increases with age.
A number of investigators compared patients who underwent MIRP with other patient cohorts of a similar age, such as those undergoing bladder tumor resection or nonoperated patients with prostate cancer. In the United Kingdom 70/10,000 men had inguinal hernia in the 45 to 64-year-old category, which increased to 150/10,000 males in the age groups above 75 years. 1, 5 Although there are sparse incidence data on IH among men in different age groups, considering the mentioned data the calculated IH incidence in men 45 to 64 years old is 0.7%, which increased to 1.5% beyond age 75 years.
Following open radical prostatectomy there is a 6.7% to 38.7% incidence of IH development according to a contemporary review. 10 The combined data in this review yielded an IH incidence of 9.3% among men undergoing RARP (table 2) . This is lower than the published incidence of IH following RRP.
Predictive Factors
Causative and associated risk factors for inguinal hernia are well described. They include advancing patient age, increased intra-abdominal pressure, family history and connective tissue disorders. With regard to preoperative predictive factors low BMI was associated with an increased risk of postoperative IH in 3 of 11 studies. 12, 14, 17 This was statistically significant on univariate analysis in all 3 studies. Due to inconsistencies in BMI reporting it was difficult to determine a BMI cutoff which places a patient at increased IH risk but in general the risk correlated with a mean BMI of less than 25 kg/m 2 . It is possible that an absence of peritoneal fat combined with increased intra-abdominal pressure can predispose patients with a low BMI to inguinal hernia. Furthermore, low BMI is likely to aid in the detection of IH on examination.
It should be noted that while Sim et al found an increased risk of postoperative IH in patients with low BMI, there was no statistically significant difference in BMI between the patient groups in which IH did and did not develop after MIRP. 12 It is also important to note that the studies demonstrating an association between low BMI and post-MIRP IH were Korean. Therefore, it is difficult to determine whether low BMI is likely to be a risk factor in Western patient populations with a higher median BMI.
Surgical approach and surgeon experience were also cited as significant risk factors for IH development. In the 2017 prospective study by Yamada et al surgeon experience and continence outcomes at 3 and 6 months were associated with an increased IH incidence. 8 Low surgeon experience, defined as fewer than 40 RARP cases, was associated with a 9% post-RARP IH incidence compared to 1% in men in whom surgery was performed by surgeons who had experience with more than 40 RARP cases (OR 4.74, 95% CI 1.57-20.56). 8 Poorer continence outcomes at 3 and 6 months were also associated with an increased post-RARP IH incidence and may correlate with surgeon inexperience. 8 Of note, Yamada et al did not find that increased operative time was associated with an increased incidence of IH. 8 While this finding is consistent with other studies 7,13e16,18 it seems contradictory. Several patient, procedure and surgeon related factors may account for this but they were not specifically addressed.
In terms of operative factors the extraperitoneal approach 16 and nerve sparing 15 were associated with an increased risk of post-RALP IH while Retzius space sparing surgery was associated with 839 Low BMI, conventional robotic assisted radical prostatectomy
Retzius space sparing robotic assisted radical prostatectomy lower IH occurrence. 17 It is unclear from the data why nerve sparing is associated with IH development as nerve preservation is unlikely to undermine the myopectineal structures surrounding the IIR. Findings in the retrospective study by Yoshimine et al may be accounted for by differences in operative time, surgeon experience and study group numbers in the transperitoneal and extraperitoneal groups. 16 In the case of Retzius space preservation vs a conventional RALP approach the reduction in the IH incidence is more apparent, given that this approach is likely to spare vital myopectineal structures around the IIR. 17 In 2 of 11 studies the I-PSS scores were associated with an increased IH incidence after RARP. Majima et al observed a statistically significant correlation between de novo IH occurrence in men with a preoperative I-PSS question 6 score greater than 2. 19 While increased intra-abdominal pressure is a known risk factor for IH, chronic and recurrent elevations in intra-abdominal pressure secondary to straining stress the musculo-aponeurotic structures around the IIR, thus, predisposing to IH in men after MIRP.
S anchez-Ortiz et al similarly reported a relationship between I-PSS scores and post-RARP IH development. 13 In men with an I-PSS score greater than 15 there was a 22.4% chance of requiring hernia repair compared to 5% in patients with no or minimal symptoms (OR 5.54, 95% CI 3.13-9.81, p <0.0001). Significantly it is difficult to determine from this study the true impact of the I-PSS score on post-RARP IH development in the absence of a separate statistical analysis for each I-PSS domain. Furthermore, a lack of urodynamic confirmation of I-PSS domains is a limitation acknowledged in the literature. 19 In addition to BMI and I-PSS scores, certain anatomical variations have also positively correlated with postoperative IH development. External oblique thickness 7.3 mm or greater and rectus muscle width 43.9 mm or greater were significantly associated with IH in men after LRP and RALP. 11 Radiological evidence of subclinical inguinal hernia was also a significant risk factor for the development of post-RALP IH. In a retrospective review of preoperative computerized imaging in 160 patients Sim et al found a strong positive correlation between the presence of scrotal fluid and asymmetrical spermatic cord fat, and the development of post-RALP IH. 12 Post-RALP IH developed in 76.9% of men with asymmetrical spermatic cord fat and in 25.4% with scrotal fluid compared to 4.8% and 2%, respectively, without these radiological findings. While using radiological findings to predict IH development appears promising, the studies that suggest a relationship between radiological signs and IH development may be limited by variations in imaging technology, technique and interpretation. Variation of these factors may also limit the applicability of these results in other settings.
The presence of scrotal fluid and spermatic cord asymmetry has served as a radiological surrogate for a PPV since it can be difficult to determine the presence of a PPV on imaging. 12 A PPV visualized at the time of MIRP was another significant risk factor for IH development. 7, 14, 19 An IH developed after RARP in 18% vs 6.4% of men with vs without a PPV. 7 Lee et al observed similar results in which a post-RARP IH developed in 26.5% of men with a PPV compared to 1.9% with no PPV.
14 Further, the PPV reduced the inguinal hernia-free ratio time to IH development compared to that in men with no PPV (mean AE SD 12.9 AE 9.2 vs 15 AE 7.4 months).
The presence of a PPV as a risk factor for post-RARP IH may also be supported by literature suggesting a predominance of right side, indirect IH in men after RARP. What is unclear from the literature is whether a detected PPV represents an asymptomatic congenital finding which was exacerbated by intraoperative pneumoperitoneum, and whether all patients with a PPV were destined to have a clinically significant IH. Thus, prophylactic management of an incidental IH or a PPV remains a point of debate.
Preventive Measures
There were 19 studies on preventive measures for post-MIRP IH development. When considering the development of post-MIRP IH, an understanding of etiological hypotheses is imperative. Several theories of IH development have been proposed, mainly concerning the anatomical changes which occur following MIRP. Shimbo et al hypothesized that the intraoperative stretch on the peritoneum and the vas deferens during urethrovesical anastomosis was responsible for a shift in the position of the internal inguinal ring. 7 As a result the internal inguinal ring is medialized and widened. This phenomenon, called the rectovesical excavation position shift, was thought to increase the risk of IH after RRP and this risk may be further exacerbated in the presence of a PPV. 7 With regard to a PPV and its effect on post-MIRP IH development it is thought that an alteration in the myopectineal orifice and its component structures could weaken the mechanisms of the anterior abdominal wall which are protective in preventing IH (table 2) . This alteration is thought to impair the shutter mechanism preventing extrusion of the abdominal contents through the IIR. Nielsen and Walsh found that 33% of the patients treated with open RP had an incidental IH with a dilated IIR, which would ultimately give rise to a post-RP IH. 20 Considering the pathophysiological influence of IIR alterations and a position shift, many contemporary groups have evaluated IH prevention strategies focusing on counteracting this influence.
Concurrent treatment of IH during open RRP was initially described in 1949 by McDonald and Huggins. 21 More contemporary research has supported the safety and efficacy of concurrent IH treatment. In RRP performed for benign reasons and for malignant pathology concurrent IH treatment with hernial mesh plugs was achieved in the absence of complications and with no significant prolongation of operative time. 22 The long-term efficacy of concurrent IH treatment during RRP was also favorable with a 24-month recurrence rate of 0.6%. Several techniques have been described to manage open prostatectomy IH. These techniques include circumferential dissection of the peritoneum at the IIR, spermatic cord mobilization, PPV ligation, vas deferens dissection and release, and placement of prophylactic sutures between the transversus arch and the iliopubic tract. 23e26 In this systematic review herniorrhaphy with onlay mesh placed via the totally extraperitoneal or the transabdominal preperitoneal technique was the most common approach to IH management, 13,27e32 followed by placement of herniorrhaphy mesh or a mesh plug (Appendix 1).
33e36
Herniotomy or herniorrhaphy was done depending on investigator preference. Complete peritoneal covering was easily achieved with tackers or Hem-o-lokÒ to prevent bowel adhesion to these meshes. In 1 study nonadherent, intraperitoneal polytetrafluoroethylene mesh was used to repair the hernia defects found during surgery.
37 Surgical techniques to manage incidental IH included blunt peritoneal dissection, herniorrhaphy and mobilization of the testicular vessels and the vas. 7, 38 The principle of these techniques is to elicit fibrous scar formation, thus minimizing the risk of later IH formation and reducing tension around the IIR. 7, 38 Other methods of IH repair have included incision of the PPV and occlusion of the canal with SurgicelÒ, 39 and Retzius space sparing. and 68 31 minutes. Differences in operative time between IH repair vs no IH repair groups were significantly greater in 3 studies. 30e32 The safety of concurrent management is also supported in the literature. In this review there were no statistically significant differences in complication rates between IH repair groups and control groups. In cases in which complications were reported, the complications were most commonly Clavien-Dindo class 1 or 2. The Clavien-Dindo class 3 complications which developed in 2 studies were bladder injury, bleeding 30 and urine leak, and they were attributable to IH repair. 34 Although lymphatic and urinary leakage is a potential complication of MIRP, none of the investigators reported any mesh infections. When infection is a concern, a prosthesis-free approach has also demonstrated efficacy. As described by Mourmouris et al a sutured posterior wall darn repair was associated with no recurrences or serious complications in men treated for IH. 
